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ABSTRACT We examined the pollen foraging responses of Africanized and European honey bee
colonies to hexane extractable compounds of Africanized and European larvae (brood pheromone).
Brood pheromone was presented to broodless Africanized and European colonies equalized for
numbers of bees, food stores and, empty comb space. The pheromone signiÞcantly increased the ratio
of pollen to nonpollen foragers returning to colonies. There was no differential pollen foraging
response to pheromone racial origin. European colonies in this study had a signiÞcantly higher
proportion of pollen to nonpollen foragers entering colonies than did Africanized colonies for
pheromone and control treatments. The proboscis extension response to sucrose was used to test the
sensitivity to sucrose of eight Africanized (most similar to Apis mellifera scutellata Lepeletier) and six
European colonies (most similar to Apis mellifera ligustica L.). Individual sensitivity to sucrose has
been demonstrated as a neuro-sensory correlate of foraging behavior in European bees such that
individuals that forage for pollen have lower response thresholds to sucrose than bees that forage for
nectar. Africanized bees were signiÞcantly more likely to respond to lower concentrations of sucrose
than European bees. We concluded that sucrose response threshold was a poor predictor for com-
parative foraging behavior of these races because the neuro-sensory systems of the two races may be
differentially “tuned” by thresholds to defensive cues.

KEY WORDS Africanized honey bee, sucrose response threshold, pollen foraging behavior, brood
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MOST PARENTS PROVIDE food for their young through
mass or progressive provisioning. Sterile or semisterile
daughters of the queen (called workers) assume all
the tasks of provisioning. The regulatory mechanisms
by which colonies allocate the foraging force are a
dominant feature in the study of social organization
(Seeley 1995, Dreller and Page 1999, Beshers and
Fewell 2001). Honey bee (Apis mellifera L.) workers
are differentiated into behavioral groups, a conse-
quence of age-related change called temporal poly-
ethism (Winston 1987). In general, workers in their
thirdweek of adult life progress fromperforming tasks
inside the nest to those outside the nest, such as for-
aging. A division of labor also exists among foragers.
Some foragers collect pollen and others collect nectar
(reviewed by Winston 1987). Factors affect foraging
behaviors include worker genotype, forage resource
abundance and quality, and colony environment.
Genotype affects the probability that a forager will

collect pollen or nectar. Hellmich et al. (1985) con-
ducted two-way selection for a single colony-level
trait, the amount of pollen stored in the comb. After
four generations, the high and low pollen hoarding

strains differed by Þvefold in the amount of stored
pollen. Calderone and Page (1988) demonstrated that
thecauseof thesedifferences in the strainswas a result
of differences in the individual foraging behavior of
workers; high strain bees were more likely to collect
pollen.PageandFondrk(1995) repeated the selection
program of Hellmich et al. (1985) and got the same
result.Huntet al. (1995)mappedquantitative trait loci
of pollen foraging behavior in the high and low pollen
hoarding strains. The putative trait locus two (pln 2)
was demonstrated to affect the amount of pollen
stored in colonies (Hunt et al. 1995).
Calderone (1993) provides results that suggest the

high pollen hoarding strain is more sensitive to the
effects of larvae on pollen foraging behavior. Eight
colonies, each headed by an unrelated, caged queen
comprised of 1,000 same aged (single-cohort) high
strain bees, and eight single-cohort colonies of 1,000
low strain bees were subjected to one of two treat-
ments: 1) empty combor, 2) combwith 500 eggswhen
workers were 12-d-old. The number of cells provi-
sionedwithpollenwerecounteddaily for9dwhile the
brood was in egg (3 d) and larval stages (5 d). There
was a signiÞcant strain by brood treatment interaction
demonstrating high strain bees Þlled signiÞcantly
more cells with pollen in response to the brood treat-
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ment than did the low strain (Calderone 1993). High
strain colonies with brood Þlled 57% more cells per
day with pollen than did high strain colonies with no
brood. Alternatively, low strain colonies with brood
Þlled 0.3 fewer cells per day than low strain colonies
with no brood (not signiÞcantly different). These re-
sults were not a consequence of greater pollen use by
the low strain because the number of larvae in the
colonies was controlled and the caged queens were
prevented from adding brood. The results could also
not be explained by differential larval cannibalism
(Calderone 1993). The results suggested that the high
pollen hoarding strain is more sensitive to the effects
of brood on pollen foraging.
Africanized colonies have been shown to allocate a

greater proportion of foragers to collecting pollen
(Pesante et al. 1987). Page et al. (2000) produced
colonies of bees derived from mating males from Af-
ricanized X European hybrid queens to sister Euro-
pean queens. As a consequence the genetic variation
between colonies of the European by hybrid crosses
was primarily because of variation in the genomes of
thedrone fathers derived from thehybridqueens. The
high allele of pln 2, known to be associated with high
pollen hoarding behavior (Hunt et al. 1995), was in-
herited from the Africanized bee population in these
crosses (Page et al. 2000). Combined, these results
suggest gene-based differential sensitivity to cues for
pollen foraging on a population wide scale.
Colony environment also affects foraging behavior.

Numbers of foragers collecting pollen and nectar are
inßuenced by quantities of young larvae and the
amount of pollen stored in combs in a colony. Quan-
tities of stored pollen are regulated by colonies
through negative feedback. Pollen foraging activity
decreases when excess pollen is added to a colony,
until the excess pollen has been depleted by the nurse
bees and the quantity of stored pollen returns to near
its previous level (Barker 1971, Free and Williams
1971, Moeller 1972, Fewell andWinston 1992). When
pollen is removed froma colony, the number of pollen
foragers remains high until the stored pollen is re-
stored to the previous balance between foraging in-
take and nurse bee consumption (Lindauer 1952,
Laere 1971, Fewell and Winston 1992). Increasing
quantities of larvae stimulates more pollen foraging
activity. Therefore, stored pollen acts like an inhibit-
ing stimulus for pollen foraging while the presence of
larvae act like a positive stimulus. The behavioral
mechanisms by which larvae and stored pollen regu-
late foraging behavior are controversial (Camazine
1993, Camazine et al. 1998, Pankiw et al. 1998, Dreller
et al. 1999, Dreller and Tarpy 2000, Pankiw and Page
2001a). However, it is clear that increasing amounts of
pollen decreases pollen foraging and increasing
amounts of larvae increases pollen foraging. Because
the amount of comb space used by larvae and pollen
are in dynamic interaction changing one without af-
fecting the other is difÞcult. The use of larval phero-
mones by passes this difÞculty.
Hexane extractable compounds from larvae and a

synthetic blend have been demonstrated to release

pollen foraging (Pankiw et al. 1998, Pankiw and Page
2001a). The number of pollen foragers increased by
2.5 times in colonies where brood pheromone was
applied as a supplement to larvae (Pankiw et al. 1998).
Thepheromonehadnoeffect on thenumberofnectar
foragers. The ratio of pollen to nonpollen foragers
increased signiÞcantly using synthetic brood phero-
mone in commercial almond pollinating colonies
(Pankiw and Page 2001a). The pollen foraging releas-
ing effect of the pheromone lasts for more than three
but less than 4 h and then the number of foragers
entering colonies returns to control levels. Here we
asked whether the racial source of brood pheromone
affected the pollen foraging behavior of Africanized
and European colonies.
Recently, it has been demonstrated that response

threshold to sucrose is associated with foraging be-
havior (Page et al. 1998, Pankiw and Page 1999, 2000).
Honey bees respond with a reßexive extension of the
proboscis to a sufÞciently concentrated sucrose solu-
tion touched to the antennae (Bitterman et al. 1983).
Pollen foragers have lower sucrose response thresh-
olds thannectar foragers (Page et al. 1998).Genotype,
independent of foraging experience, affects sucrose
response thresholds. Strains of bees have been se-
lected to store high and low amounts of pollen (Page
et al. 1995). When fostered at the same time in the
same colony high strain bees are more likely to forage
for pollen and low strain bees to forage for nectar
(Page et al. 1995). High strain preforaging aged bees
have lower response thresholds to sucrose than low
strain beeswhen fostered at the same time in the same
unrelated colony (Pankiw and Page 1999). There is a
causal link between sucrose response thresholds mea-
sured in preforaging aged bees and forage choice
(Pankiw and Page 2000). Pollen foragers have lower
response thresholds to sucrose as preforagers than
nectar foragers (Pankiw and Page 2000). To date su-
crose response thresholds have been examined in Eu-
ropean honey bees (Page et al. 1998). Here we mea-
sured the sucrose response threshold, and pollen
foraging behaviors of European and Africanized
honey bee colonies treated with larval extracts of
European and Africanized colonies.

Materials and Methods

Bees. We selected eight highly defensive (unpub-
lished data) Africanized colonies maintained at the
USDAAfricanized apiary atMission, TX, to include in
this study. These colonies were established from lo-
cally collected feral swarms. Africanized bees have
colonized this region since 1990 (Rubink et al. 1996).
Six European colonies were derived from nondefen-
sive (unpublished data), domesticated, commercial
honey bee stock.

Proboscis Extension Response to Sucrose Assay
(PER assay). Newly emerged bees were tested for
their proboscis extension response to an increasing
concentration series of sucrose. Combs containing
emerging bees from the above sources were placed in
an incubator maintained at 33�C and �55% RH. At
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maximum intervals of 15 min newly emerged bees
were removed from the combs and paint-marked to
identify colony source and placed in a common cage
and held at incubator conditions above. Bees were
collected this way for 4 h. Two hours after collection
was complete bees were placed in small plastic hold-
ers. The holders restrained body movement and al-
lowed the head, mouthparts, and antennae to move
freely. At least 1 h lapsed before testing began after
placing bees in the holders. The testerwas blind to the
source of bees. The number of bees tested from eight
Africanized colonies was 100, 63, 96, 87, 61, 72, and 59,
respectively. The number of bees tested from six Eu-
ropean colonies was 107, 77, 59, 123, 61, 133, and 60,
respectively. Bees were tested over seven days. The
number of bees tested per day from the different
sources depended on the rate of emergence from
selected combs.
Extension of the proboscis is a reßex response to

antennal stimulationwith sucrose solution (Bitterman
et al. 1983). The lowest concentration of sucrose that
elicits a response is interpreted as an individualÕs re-
sponse threshold. All bees were Þrst tested for their
response towater. Any bees responding towaterwere
allowed to imbibe water until they no longer re-
sponded to water stimulation. In this way we con-
trolled for the confounding effect of thirst on sucrose
sensitivity (Edgecomb et al. 1989, Pankiw et al. 2001).
The ascending concentrations of sucrose solution
were based on a log10 series of�1.0,�0.5, 0.0, 0.5, 1.0,
and 1.5 corresponding to sucrose concentrations of
0.1, 0.3, 1, 3, 10, and 30% (wt/vol). Sucrose solutions
were prepared using distilled and Milli-pore Þltered
water as the solvent for Sigma sucrose (99.5% purity).
A droplet of solution was expressed from the tip of a
27-gauge needle and touched to each antenna. Posi-
tive or negative proboscis extension response to each
sucrose concentration was recorded.

Brood Pheromone Extract. Brood pheromone was
prepared by extracting 40 g of 2 to 4 day old larvae
frommultipleAfrican andEuropean colony sources in
20ml ofHPLCgrade n-hexane (Sigma, St. Louis,MO)
for 1 h at 20�C (after Pankiw et al. 1998). We used a
standard method to control for size differences be-
tween the races by preparing pheromone extracts by
weight (Simon and Nicholelis 2001). Forty-gram lar-
val equivalents (LEq) of extract were presented on
glass plates (164 cm2) trussedwithwire for suspension
in the hive. The extract was poured onto the glass
plates and the hexane was allowed to evaporate. The
plates were immediately placed in the treatment col-
onies suspended between two wax combs in the cen-
ter of the hive. Control plates were treated with 20 ml
of hexane and presented in the same way.

Experimental Design. Eight Africanized colonies
and six European colonies were prepared by moving
a subset of bees and the queen from previously iden-
tiÞed sources intoÞve-frameLangstroth-deepnucleus
colonies. Estimates of the number of bees in each hive
were performed using a metered template. Six Euro-
pean and eight Africanized colonies were alternately
subjected to three treatments: 1) 40 g LEq of Afri-

canized brood pheromone, 2) 40 g LEq of European
brood pheromone, and 3) control of 20 ml of hexane.
Two Africanized colonies absconded during the
course of the experiment and were replaced by two
additional Africanized colonies.
Colonies were manipulated the evening before the

pheromone treatments(�12h) such that all immature
bees were removed. Each colony contained two
frames of honey, one framewith 30 cm2 of pollen, and
one frame of empty comb space. Treatments were
placed in colonies at 7:00 AM. We conducted Þve
minute entrance counts of returning pollen and non-
pollen foragers at 8:00AM.Each colonywasmeasured
two times by two people for a total of four 5-min
counts per colony. The people performing the counts
wereblind to the treatments.Colonies contained their
own brood for 1 to 2 days between treatments.

Statistical Analyses. All data were subjected to di-
agnostic tests for the assumptions of analysis of vari-
ance (ANOVA) and nonparametric statistics. The
lowest concentration that elicited proboscis extension
is interpreted as an individualÕs response threshold. A
mean response threshold or each colony was calcu-
lated. Colony means were used in the Mann-Whitney
U test to examine differences in sucrose response
thresholds between test days and within races for
pooling validation (Sokal and Rohlf 1995, SAS 2000).
Logistic regression model analysis was used to ren-

der visual displays and perform statistical analysis of
PER assay data by Africanized and European honey
bee race. Individuals were repeatedly tested for their
responses to an ascending series of sucrose concen-
trations, therefore, responses were not independent
after the Þrst solution in the assay. The repeated mea-
sures and dependent options were used in the PROC
GENMOD procedure of SAS (Ben-Shahar et al. 2000,
SAS 2000, Hartz et al. 2001). PROC GENMOD pro-
ducedgeneralizedestimatingequations(GEE) for the
main effect, race of bee. PROC GENMOD also cal-
culated a logistic regression line that best Þtted each
response curve and testeddifferences between slopes.
Results for slope difference is presented as the �
(delta) regression coefÞcient (�SE). Where the �
regression coefÞcient was signiÞcant, slopes were sig-
niÞcantly different.
ANOVA was used to examine colony size in Afri-

canized andEuropean colonies (Sokal andRohlf 1995,
SAS 2000). We used a saturated categorical model to
examine the main effects of treatment, race of honey
bee, and their interaction effect on the number of
pollen and nonpollen foragers entering colonies
(Stokes et al. 1997, Le 1998, SAS 2000).

Results

Proboscis Extension Response to Sucrose. Sucrose
response thresholds Þt the assumption for homoge-
neity of variances (LeveneÕs Statistic� 0.6, df� 1, P �
0.05), allowing the use of Mann-Whitney U and
Kruskal-Wallis tests to compare sucrose response
threshold differences (Siegel and Castellan 1988, Ka-
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suya 2001). There was a signiÞcant day effect on re-
sponse threshold(Kruskal-Wallis�2�87.1, df�6,P�
0.0001). However, within each day the response
thresholds (log10 of sucrose concentration) of Afri-
canized (AHB) was consistently signiÞcantly lower
than European (EHB) sources; Day 1: AHB, �0.3 �
0.07; EHB, 0.3 � 0.07, Mann-Whitney U � 2106, P �
0.0001; Day 2: AHB,�0.4� .12; EHB, 0.6� 0.06, U �
882, P � 0.0001; Day 3: AHB, 0.02� 0.05	 EHB, 0.5�
.09,U � 4236, P � 0.0001; Day 4: AHB, 0.0� 0.1; EHB,
0.8� 0.1,U � 450, P � 0.0001;Day 5: AHB, 0.05� 0.06;
EHB,0.6�0.08,U�2692,P�0.0001;Day6: 0.3�0.08;
EHB, 0.8 � 0.06, U � 2268, P � 0.0001; Day 7: AHB,
0.1 � 0.06; EHB, 0.9 � 0.06, U � 1886, P � 0.0001).
Therefore, we pooled days to perform logistic regres-
sion analysis. Africanizedbeeswere signiÞcantlymore
responsive to sucrose than European bees (GEE �2 �
135, df� 1, P � 0.0001). Sucrose response curveswere
signiÞcantly different such that Africanized bees had
a signiÞcantly lower response threshold to the ascend-
ing sucrose concentration series expressed as a greater
proportion of bees responding to each concentration
than European bees (� regression coefÞcient �
�0.6 � 0.05, P � 0.0001; Fig. 1).

Effect of Brood Pheromone on Pollen Foraging.
Africanized colonies contained a mean of 4531 � 723
bees and European colonies 5312 � 538 bees. There
was no signiÞcant difference in colony size (ANOVA
F1,12 � 0.6, P � 0.05). Numbers of foragers observed
entering colonies cannot be explained by differential
colony size. Treatments signiÞcantly affected foraging
behavior(�2�691,df�2,P�0.0001;Fig. 2).Colonies
treated with brood pheromone were signiÞcantly
more likely to forage for pollen than control colonies
without pheromone. There was no signiÞcant differ-
ential response by the two races to the pheromone
treatments (race*treatment interaction �2 � 3.8, df�

2, P � 0.05). This means that racial origin of the
pheromone did not result in different pollen foraging
responses byAfricanized andEuropean colonies (Fig.
2). There was a signiÞcant effect of race on the ratio
of pollen to nonpollen foragers entering colonies such
that European colonies foraged more for pollen than
did Africanized colonies (�2� 692, df� 1, P � 0.0001;
Fig. 2).

Discussion

The mean proboscis extension response to sucrose
byAfricanized colonies was lower than European col-
onies. Africanized and European bees appear to be
differentially constrained in their proboscis extension
response to sucrose. Theproboscis extension response
was used to sample sensitivity to varying concentra-
tions of sucrose. Sugar has been used frequently as a
reward stimulus inmany studies of foragingbehavioral
decisions. For example, the recruitment dance of the
honey bee (Frisch 1967) has been used as a quanti-
tative window into the perception of sugar and has
suggested functional relationships between sucrose
concentration and its perception (Waddington 1982,
Waddington and Gottlieb 1990, Waddington and
Kirchner1992,Raveret-Richter andWaddington1993,
Waddington 1997). Page et al. (1998) determined an-
other potential analysis of honey beesÕ perception of
sugar using the proboscis extension response. A series
of studies followed using wild-type and selected
strains of European bees. Collectively these studies
demonstrate that genotype places constraints on su-
crose response threshold plasticity (Pankiw and Page
1999; Pankiw et al. 2001). The race-based lower re-
sponse threshold of African bees was not associated
with a higher probability to collect pollen. A more
deÞnitive test for differential responses to broodpher-

Fig. 1. Logistic regression curves of Africanized and European bee proboscis extension responses to sucrose. Individuals
were tested for their sucrose response threshold by repeatedly touching each antennawith an ascending concentration series
of sucrose. Africanized bees were signiÞcantly more responsive to sucrose solutions than European bees.
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omone and forage choice bias among these races
should be conducted as a common garden experiment
measuring the ratio of pollen to nonpollen foragers of
cross- and co-fosteredAfricanized andEuropean bees
in pheromone and control colonies.
We speculate that differences in sucrose response

thresholds in the two races may be related to their
differential defensive behaviors. Neuro-chemicals
within the central nervous system are associated with
defensive behavior. Oral doses of tryptophan produce
hyperactive states in European honey bees (Harris
and Woodring 1999). Injection with octopamine po-
tentiates the sting extension response in European
honey bees (Burrell and Smith 1995). The opioid sys-
tem in honey bees has also been implicatedwith sting-
ing response to themajor alarm pheromone, isopentyl
acetate (Nuñez et al. 1998). Sucrose response thresh-
olds may reßect a different state of arousal in Afri-
canized bees as a consequence of natural selection for
defensive behavior. If so, then, we may not expect to
see an equivalent association of response threshold to
sucrose and foraging behavior across the two races.
Africanized and European colonies clearly re-

sponded to the brood pheromone stimuli for pollen
foraging. There was no differential response to the
racial origin of the brood pheromone. Interestingly,
Africanized colonies foraged less for pollen than did
European colonies for all treatments. This is in con-
trast to Pesante et al. (1987) that report Africanized
colonies collected more pollen that European colo-
nies. The primary difference between Pesante et al.
(1987) and this study is that here we controlled intra-
colony factors such as number of bees, amount of
comb area used by honey, pollen, and empty space.
Amountof larvae, pollenandempty spacehaveclearly
been demonstrated to affect the number of pollen and

nonpollen foragers (Free 1967, Barker 1971, Free and
Williams 1971, AL-Tikrity et al. 1972, Fewell andWin-
ston 1992, Camazine 1993, Eckert et al. 1994, Pankiw
et al. 1998, Dreller and Tarpy 2000, Pankiw and Page
2001a, 2001b). Previous studies likely confounded the
effects of variation in intra-colony stimuli and foraging
behavior. Herewe controlled intra-colony stimuli and
varied the origin of the larval chemical cues.
Europeancolonies had a signiÞcantlyhigher ratio of

pollen to nonpollen foragers than Africanized colo-
nies. This is interesting and potentially attributable to
a number of factors. An individualÕs perception of the
foraging environment affects foraging behavior at the
individual and colony-level. Foraging and recruitment
behavior changes as a result of pollen and nectar
quality and quantity. Probability to dance and the rate
of dance turns is positively related to pollen quality
(Waddington et al. 1998). Bees perceive the value of
nectar and change their foraging behavior accord-
ingly. Increasing nectar volume and concentration,
increases the probability of recruitment dances and
the number of bees collecting nectar (Waddington
1982,Waddington andGottlieb 1990,Waddington and
Kirchner 1992). Individual colonies may have re-
cruited to different resources and thus resource qual-
ity and quantity might have driven individual colony
foraging behavior. Colony-level perception of the for-
aging environmentwould also affect recruitment. Our
results demonstrate how colonies foraging from the
same apiary with the same internal colony conditions
respond to unknown cues that signiÞcantly affected
the ratio of pollen and nonpollen foragers.
Colony phenotype is a consequence of natural se-

lection acting on genetic variability affecting response
threshold distributions of colonies. The introgression
ofAfrican genes into the feral bee population ofNorth

Fig. 2. Mean ratio of pollen to nonpollen foragers entering brood pheromone treated and control Africanized and
European colonies. Africanized and European colonies were signiÞcantly more responsive to the stimulatory effects of larval
extracts on pollen foraging. The racial origin of larval extracts did not differentially affect pollen foraging response.
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America has undoubtedly affected more than the re-
sponse threshold distribution of defensive behavior
traits. In addition, to colony-level foraging behavior
differences we observed individual differences in su-
crose response thresholds. Further comparative stud-
ies of natural and controlled populations of African-
ized and European honey bees should provide
additional insight into honey bee ecology and adap-
tation. Such future research may help to further ex-
plain not only the successful radiation of Africanized
honey bees through most of the Americas, but also
contribute to improved apicultural technologies.
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Insects. Birkhäuser Verlag, Basel, Switzerland.

Dreller, C., and D. R. Tarpy. 2000. Perception of the pollen
need by foragers in a honeybee colony. Anim. Behav. 59:
91Ð96.

Dreller, C., R. E. Page, and M. K. Fondrk. 1999. Regulation
of pollen foraging in honeybee colonies: effects of young

brood, stored pollen, and empty space. Behav. Ecol. So-
ciobiol. 45: 227Ð233.

Eckert,C.D.,M.L.Winston, andR.C.Ydenberg. 1994. The
relationship between population size, amount of brood,
and individual foraging behaviour in the honey bee, Apis
mellifera L. Oecologia 97: 248Ð255.

Edgecomb, R. S., A. R. Pyle, and L. L. Murdock. 1989. The
role of water in tarsal thresholds to sugar in the blowßy
Phormia regina. J. Exper. Biol. 142: 245Ð255.

Fewell, J. H., and M. L. Winston. 1992. Colony state and
regulation of pollen foraging in the honey bee, Apis mel-
lifera L. Behav. Ecol. Sociobiol. 30: 387Ð393.

Free, J. B. 1967. Factors determining the collection of pol-
len by honeybee foragers. Anim. Behav. 15: 134Ð144.

Free, J. B., and I. H. Williams. 1971. The effect of giving
pollen and pollen supplement to honeybee colonies on
the amount of pollen collected. J. Apic. Res. 10: 87Ð90.

Frisch,K., von. 1967. Thedance language andorientation of
bees. Belknap/Harvard University Press, Cambridge,
MA.

Guzmán-Novoa, E., and R. E. Page. 2000. Pollen collection
and foraging force by European and European X Afri-
canized hybrid honey bees (Hymenoptera: Apidae) in
mixed genotype colonies are similar. Ann. Entomol. Soc.
Am. 93: 141Ð144.

Harris, J. W., and J. Woodring. 1999. Effects of dietary pre-
cursors to biogenic amines on the behavioral response
from groups of cagedworker honey bees (Apis mellifera)
to alarm pheromone component isopentyl acetate.
Physiol. Entomol. 24: 285Ð291.

Hartz, S. M., Y. Ben-Shahar, and M. Tyler. 2001. Logistic
growth curve analysis in associative learning data. Anim.
Cog. 4: 185Ð189.

Hellmich, R. L., and W. C. Rothenbuhler. 1986. Relation-
ship between different amounts of brood and the collec-
tion and use of pollen by honey bees (Apis mellifera L.).
Apidologie 17: 13Ð20.

Hunt, G. E., R. E. Page, M. K. Fondrk, and C. J. Dullum.
1995. Major quantitative trait loci affecting honey bee
foraging behavior. Genetics 141: 1537Ð1545.

Kasuya, E. 2001. Mann-Whitney U tests when variances are
unequal. Anim. Behav. 61:1247- 1249.

Laere, O. v., Martens N. 1971. Inßuence dÕune diminution
artiÞcielle de la provision de proteines sur lÕactivite de
collete de la colonie dÕabeilles. Apidologie 2: 197Ð204.

Le, C. T. 1998. Applied Categorical Data Analysis. Wiley-
Interscience Publication, New York.

Lindauer,M. 1952. EinBeitrag zurFrage derArbeitsteilung
im Bienenstaat. Z. Vergl. Physiol. 34: 299Ð345.

Moeller, F. E. 1972. Honey bee collection of corn pollen
reduced by feeding pollen in the hive. Am. Bee J. 112:
210Ð212.
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